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A simple method for the specific detection of Ren-1 renin. niques [1–3]. A single renin locus has been identified in
Background. Ren-1 and Ren-2 renin are expressed in the humans and rats. Some strains of mice possess a single
kidneys of all mice and in the submandibular gland of several renin locus (Ren-1), while others display duplicate reninmouse strains. The present study determined the usefulness of
loci (Ren-1 and Ren-2), with Ren-1 coding for kidneymodified periodic acid silver-methenamine (PAM) staining for
renin and Ren-2 coding for submandibular gland reninthe specific detection of Ren-1 renin.
Methods. Conventional paraffin sections were prepared [4, 5]. Immunohistochemistry and in situ hybridization
from kidneys of ICR, BALB/cA, C57BL/6Cr, C3H/HeN, DBA/ are powerful tools for assessing the distribution of ex-
2Cr, angiotensin II type 1a receptor gene knockout (AT1aKO)
pression for each type of renin [6–9]. However, immuno-mice, Wistar rats and a human, and submandibular glands of
histochemistry requires a specific antibody, and in situC57BL/6Cr and DBA/2Cr mice. Sections were analyzed for the
presence of renin using PAM and immunohistochemistry. PAM hybridization is not used routinely in many laboratories.
reactions were terminated at generally or weakly intense (weak In addition, although several classic staining methods
PAM staining; W-PAM). In addition, kidneys of DBA/2Cr have been employed to detect renin [10, 11], these meth-mice were fixed using various fixatives (formalin, PFA, PLP,
ods lack specificity and restrict the fixative that can beZamboni’s, Bouin’s, or Carnoy’s) and treated using identical
utilized [10].procedures.
Results. Although PAM-positive reactions were observed in Periodic acid silver-methenamine (PAM) staining is a
juxtaglomerular (JG) cells, W-PAM reactions were particularly classic histochemical technique [12, 13], and the chemical
specific for these cells. These findings were observed in all mouse
mechanism of this stain is explained in detail by Ram-strains. Immunohistochemistry using mirror sections suggested
bourg [14, 15]. This stain is routinely used in histopatho-that a W-PAM–positive reaction detected renin. This hypothe-
sis was confirmed by the results from AT1aKO mice. Briefly, logic identification of glomerulonephritis because it can
W-PAM detected an expansion of renin-positive areas in stain the glomerular basement membrane and mesangial
AT1aKO mice. Rat and human kidneys and mouse submandi- cells efficiently and with high contrast. However, littlebular glands were negative for W-PAM. Levels of JG cell
is known about the specificity of PAM-staining for renin.detection by W-PAM were similar in samples fixed in formalin,
The present report describes the usefulness of modifiedPFA, PLP, or Zamboni’s.
Conclusions. The present findings show that W-PAM can PAM stain for specific detection of Ren-1 renin.
identify Ren-1 renin, but not Ren-2, rat or human renin. The
W-PAM method is useful for the specific detection of Ren-1
renin. METHODS
All experimentation proceeded in accordance with the
Guidelines for Animal Experimentation of the Facul-
Renin is an important enzyme for controlling blood ties of Medicine and Agriculture, Kagoshima University,
pressure and is highly localized in the juxtaglomerular Japan.
(JG) cells of the kidney. Renin genes from several animal
species have been cloned using molecular biological tech- Animals and preparation of tissue sections
All animals were housed in an open system room with
a one-way airflow system (temperature, 22 1C; humid-Key words: weak periodic acid silver-methenamine, renin, blood pres-
sure, juxtaglomerular cells, staining method, glomerulonephritis. ity, 55 10%; light period, 07:00 to 19:00; ventilation, 12
cycles/h) at the Institute of Laboratory Animal Sciences,
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Faculty of Medicine, Kagoshima University, Japan. Ani-and in revised form June 12, 2002
Accepted for publication July 30, 2002 mals received an autoclaved commercial diet (CE-2; Ja-
pan CLEA, Tokyo, Japan) and tap water ad libitum. All 2002 by the International Society of Nephrology
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Fig. 1. Light micrographs of formalin-fixed
kidney sections in male C57BL/6Cr mice. (A)
G-PAM stain. (B) W-PAM stain. (C ) Higher
magnification view of B. (D) Silver-methen-
amine stain without periodic acid oxidation.
(E ) Immunohistochemical detection of renin
(mirror to panel B). Bar  50 m (A, B, D
and E) or 10 m (C).
animals were sacrificed by exsanguination under anes- Slc and DBA/2Cr Slc mice (N 3) and kidneys of three-
month-old male Wistar Slc rats (N  3) were sampledthesia (mixture of ketamine and medetomidine).
To represent common strains of mouse, three- to and fixed in Zamboni’s solution, and human adult normal
kidney tissue slides (26-year-old male donor; paraformal-four-month-old male and female Jcl:ICR, BALB/cA Jcl,
C57BL/6Cr Slc, C3H/HeN Jcl, and DBA/2Cr Slc mice dehyde fixation of tissue; 5 m paraffin sections) were
purchased from Cosmo Bio Co., Ltd. (Tokyo, Japan).(N  3) were utilized. Following sacrifice, their kidneys
were quickly removed, sliced, and then immersed in 10% After fixation, sampled tissues were thoroughly washed
in PB, dehydrated in graded ethanol, cleared in xyleneneutral formalin in 0.1 mol/L phosphate buffer (PB). To
evaluate the effects of the fixatives, three female DBA/ and embedded in paraffin. Serial or mirror sections cut
at 3 m were mounted on silane-coated glass, and ana-2Cr Slc mice (three months old) were used, and the kidney
sections were fixed in formalin, 4% paraformaldehyde lyzed for renin by PAM staining or immunohistochemis-
try. Wilson’s crystal violet stain was applied to severalin PB (PFA), periodate-lysine-paraformaldehyde (PLP),
Zamboni’s, Bouin’s or Carnoy’s solutions. Following this kidney sections of AT1aKO and C57BL/6Cr wild-type
mice [11] as a classical method for detecting JG cells.procedure, five-month-old male angiotensin II type 1a re-
ceptor gene knockout (AT1aKO) mice and age-matched
PAM stainingmale C57BL/6Cr Slc wild-type mice (N  5) were used,
and the kidney sections were fixed in Zamboni’s solution. Periodic acid silver-methenamine staining was per-
formed according to the method described by Jones [12].AT1aKO mice were derived from Tanabe Seiyaku Co.,
Ltd. (Osaka, Japan), at three-months-old. The AT1aKO In brief, tissues were (1) deparaffinized and hydrated;
(2) immersed in 0.5% periodic acid for 15 minutes; (3)mouse has been shown to represent a model of high
expression of kidney renin [16–18]. Moreover, to evalu- washed in distilled water; (4) placed in Gomori’s silver-
methenamine solution at 58C; (5) washed in distilledate PAM-specificity to Ren-2, rat and human renin, sub-
mandibular glands of three-month-old male C57BL/6Cr water; (6) toned in 0.2% gold chloride for two minutes;
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Fig. 3. Index of number of renin- and W-PAM–positive arterioles in
kidneys of AT1aKO () and C57BL/6Cr ( ) wild-type mice. Each
column represents mean  standard error. *Statistically significant dif-
ference, P  0.01.
the primary antibody (diluted 1:10,000) overnight at 4C
and then with the secondary antibody, biotinylated goat
anti-rabbit Ig G (HL; Vector Laboratories), diluted 1:200,
for 30 min at room temperature. Immunoreactivity was
detected by a 0.025% 3,3-diaminobenzidine–0.003%
H2O2 solution, and counter staining was performed with
hematoxylin.
Fig. 2. Light micrographs of kidney sections in male AT1aKO mice.
(A) Renin immunohistochemistry. (B) W-PAM stain (mirror to panel Semiquantitative procedureA). Bar  50 m.
In the kidneys of AT1aKO and C57BL/6Cr wild-type
mice, numbers of renin- or W-PAM-positive arterioles
were semiquantitatively analyzed according to the proce-
(7) washed in distilled water; (8) placed in 3% sodium dure described in previous reports [18, 19]. Briefly, the
thiosulfate for two minutes; (9) washed in distilled water; total number of renin-positive or W-PAM-positive arte-
and (10) counterstained with hematoxylin. rioles and the total number of renal corpuscles were
The following PAM-staining intensities were deter- counted in each section (3 sections selected every 30 m
mined under light microscopy while samples were in the for each animal). Values were expressed per 100 renal
silver-methenamine solution. (1) Generally intense PAM corpuscles, and statistically analyzed using the Student
(G-PAM) reactions were terminated when the basement t test.
membrane of glomeruli or tubules stained positively. (2) All light micrographs in this study were taken using a
Weak PAM (W-PAM) reactions were terminated when special filter for enzyme-labeled immunohistochemistry
the basement membrane of the outer layer of several (IF436; Olympus, Inc., Tokyo, Japan) to reduce nuclear
glomerular capsules began to stain positively. The pri- color.
mary difference between G-PAM and W-PAM was the
timing of reaction termination in the silver-methenamine
RESULTSsolution. In several sections, periodic acid oxidation was
omitted prior to the silver-methenamine reaction. When- In the kidneys of common strains of mouse, G-PAM–
ever submandibular gland sections were stained with positive reactions were observed in the glomerular base-
PAM, kidney sections were stained at the same time as ment membrane, tubular basement membrane, mesangial
a control for staining intensities. cells, connective tissue, erythrocytes, tubular cytoplasmic
granules, and JG cells (Fig. 1A). W-PAM–positive reac-
Immunohistochemical procedure tions were highly localized in the JG cells (Fig. 1B), and
Immunohistochemistry was performed using the Vecta- granular components were observed under higher mag-
stain Elite ABC Kit (Vector Laboratories, Inc., Burling- nification (Fig. 1C). Although connective tissue, erythro-
ame, CA, USA). For detection of renin, rabbit antiserum cytes, and tubular granules reacted positively in the ab-
raised against recombinant renin (supplied by Dr. Kazuo sence of periodic acid oxidation, JG cells were negative
Murakami, University of Tsukuba, Japan), was used as (Fig. 1D). Immunohistochemical analysis of W-PAM mir-
ror sections identified renin-positive areas that matchedthe primary antibody. The samples were incubated with
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Fig. 4. Light micrographs of W-PAM stained
kidney sections from female DBA/2Cr mice,
fixed using (A) PFA, (B) PLP, (C ) Zam-
boni’s, (D) Bouin’s, or (E ) Carnoy’s solutions.
Bar  50 m.
the W-PAM positive JG cells (Fig. 1 B, E). The results
were observed in all mice used in the present study.
In the kidneys of AT1aKO mice, the renin-positive
area was substantially larger than that in C57BL/6Cr
wild-type mice. Renin-positive reactions were observed
not only close to the vascular poles, but also in arterioles
distant from the vascular poles (Fig. 2A). The index of
numbers of renin-positive arterioles in AT1aKO (94.8
9.3) was about 3.7-fold greater than that in C57BL/6Cr
(25.9  1.9; Fig. 3). For W-PAM staining, positive arte-
rioles in AT1aKO were much wider than those in
C57BL/6Cr, and the localization of these matched that
of renin-positive arterioles (Fig. 2B). The index for num-
bers of W-PAM–positive arterioles in AT1aKO (79.8 
3.2) was about 4.2-fold greater than that in C57BL/6Cr
(18.9  1.2; Fig. 3). In sections stained with Wilson’s
crystal violet, staining results were unstable and assess-
ment of positive granules proved difficult.
Fig. 5. Light micrographs of submandibular gland sections in male
DBA/2Cr mice. (A) Renin immunohistochemistry. (B) W-PAM stain
in DBA/2Cr (mirror to panel A). Bar  100 m.
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Fig. 6. Light micrographs of kidney sections in
male Wistar rat and human. (A) Renin immuno-
histochemistry in Wistar rat. (B) W-PAM stain
in Wistar rat (mirror to panel A). (C ) Renin
immunohistochemistry in human. (D) W-PAM
stain in human. Bar  50 m.
Variations were observed between samples prepared DISCUSSION
using different fixatives. Although positive reactions in The present study investigated the staining of mouse
the basement membrane of the outer layer of glomerular kidneys using different intensities of PAM stain, G-PAM
capsules were observed for all fixatives, time-to-staining and W-PAM. W-PAM clearly detected JG cells and
differed for each fixative as follows: formalin  PFA  these results were confirmed under immunohistochemi-
PLP  Zamboni’s  Bouin’s  Carnoy’s. Efficient cal analysis of mirror sections. From these findings, we
detection of JG cells by W-PAM was observed for sam- hypothesized that W-PAM could detect renin granules
ples fixed in PFA, PLP, or Zamboni’s (Fig. 4A-C), as in the JG cells of mouse kidney, and W-PAM might rep-
well as formalin (Fig. 1B). Although positive reactivity resent a simple method for detecting renin in mouse
was observed in JG cells for samples fixed in Bouin’s kidney. However, to confirm this hypothesis, clarifica-
solution, specificity for JG cells was lower than in samples tion was required as to whether W-PAM–positive gran-
fixed in formalin, PFA, PLP, or Zamboni’s solution. In ules in JG cells truly represented renin granules. There-
the Bouin’s samples, many granules were detected in the fore, the kidneys of AT1aKO mice were investigated, as
tubules as well as JG cells (Fig. 4D). JG cells were PAM-
they have been demonstrated to show overexpression of
negative in sections fixed in Carnoy’s, regardless of the
renin and marked expansion of renin immunoreactivestaining criterion (Fig. 4E). Fixatives also affected immu-
areas in the kidneys [16–18]. We examined kidneys ofnohistochemistry results. The intensity of the positive
AT1aKO and age-matched C57BL/6Cr wild-type micereactions was as follows: Bouin’s Zamboni’s forma-
using mirror sections or semiquantitative methods. As alin  PFA  PLP   Carnoy’s. Background staining
result, areas of arterioles containing W-PAM–positivewas particularly high in Carnoy’s sections, which ham-
granules were much wider in AT1aKO mice than in wild-pered identification of renin-positive reactions.
type mice, and the index of numbers of W-PAM–positiveSubmandibular glands were examined in male DBA/
arterioles demonstrated higher values for AT1aKO. These2Cr and C57BL/6Cr mice. In immunohistochemistry, de-
results from W-PAM staining matched those for immu-tection of renin was different based on strain, and posi-
nohistochemistry for renin. These findings strongly sug-tive reactions were detected in the granular portions of
gest that W-PAM–positive reactions in JG cells of mouseexcretory ducts from DBA/2Cr (Fig. 5A). No immuno-
kidney truly represent renin granules.reactivity was observed in the submandibular glands of
We also evaluated the suitability of specific fixatives toC57BL/6Cr. On the other hand, staining results of W-PAM
detect JG cells by W-PAM. Of the six fixatives, formalin,were identical between DBA/2Cr and C57BL/6Cr, and
PFA, PLP, and Zamboni’s provided the best results. Onno positive reactions were observed in the submandibu-
the other hand, Carnoy’s was entirely unsuitable. Car-lar glands (Fig. 5B). In the kidneys of Wistar rats and
noy’s solution is a mixture of acetic acid, chloroform,human, renin-positive JG cells were detected by immu-
and methanol, and this fixative has been recommendednohistochemistry, and no positive reactions were ob-
served in JG cells under W-PAM (Fig. 6). previously for PAM staining [12]. However, Carnoy’s
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